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(54) SURFACE LIGHT SOURCE DEVICE 

(57) An object of the present invention is to provide 
an inexpensive planar light source device which is 
based on a novel, simply constructed illumination sys- 
tem that is superior in its efficiency of utilization of illu- 
mination light beams, uses a light reflection sheet that 
is a novel light guide pipe and novel light control member 
to thereby achieve effective utilization of light, and also, 
has a structure that is simple and superior in easiness 
of assembly; and the planar light source device is char- 
acterized in that: the device is chiefly composed of a 
light guide pipe 11 formed as a sheet made of transpar- 
ent synthetic resin, and a light source 1 3 arranged in the 
vicinity of at least one side edge portion 12 of the light 
guide pipe 11 ; and when one surface of the light guide 
pipe 11 serves as a light radiation surface 15, with a 
structure of a light reflection sheet 1 8 arranged to an 
opposite surface 16 side from the light reflection sheet 
15, a control is made such that a peak of a distribution 
of radiation angles in a right angle direction to the sur- 
face of the side edge portion 12 of the light guide pipe 
11 to which the light source 13 is arranged is within a 
predetermined angle to a normal line (perpendicular 
line) 17 of the light radiation surface 15 and that a half- 
width of the distribution of radiation angles is within a 



predetermined angle, as regards light beams radiated 
out from the light radiation surface 15 of the light guide 
pipe 11 at the time when the light source 13 is lit up. 




FIG. 1 
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BACKGROUND ART 
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DISCLOSURE OF THE INVENTION 

[0011] The present invention relates to a planar light source device, which is comprised as follows in order to solve 
the above-mentioned technical problem. That is, the planar light source device according to the present invention is 

5 comprising a light guide pipe formed as a plate (sheet) made of transparent synthetic resin with one surface thereof 
serving as a light radiation surface, and a light source arranged in the vicinity of at least one side edge portion of the 
light guide pipe; and light beams radiating out from the light radiation surface of the light guide pipe at the time when 
the light source is lit up has a peak of a distribution of radiation angles with respect to a right angle direction to the 
surface of the side edge portion of the light guide pipe to which the light source is arranged being within ±15° from a 

10 normal line (perpendicular line) of the light radiation surface, and a half-width of the distribution of radiation angles 
being within ±30°. 

[0012] Further, a planar light source device according to the present invention is comprising a light reflection sheet 
arranged to an opposite surface side from the light radiation surface of the light guide pipe; light beams that have 
entered the light guide pipe from the light source are radiated out from the opposite surface from the light radiation 

15 surface, and are reflected at the light reflection sheet; the reflected light is again made to enter the light guide pipe and 
is radiated out from the light radiation surface of the light guide pipe; and the radiated light at that time has a peak of 
the distribution of radiation angles with respect to the right angle direction to the surface of the side edge portion of 
the light guide pipe being within ±15° from a normal line (perpendicular line) of the light radiation surface, and a half- 
width of the distribution of radiation angles being within ±30°. 

20 [001 3] Further, a planar light source device according to the present invention is comprising a light extracting mech- 
anism provided to the opposite surface from the light radiation surface of the light guide pipe, and a light extracting 
mechanism makes a greater part of the light beams that have entered the light guide pipe from the light source radiate 
out from the opposite surface from the light radiation surface, and reflect at the light reflection sheet. 
[0014] Furthermore, a planar light source device according to the present invention is comprising a light guide pipe 

25 with one surface thereof serving as a light radiation surface; a light extracting mechanism provided to the light guide 
pipe; a light source provided to a side edge portion of the light guide pipe; and a light reflection sheet arranged to an 
opposite surface side from the light radiation surface of the light guide pipe; the light extracting mechanism serves as 
a mechanism for radiating out, toward the light reflection sheet side, at least 65% or more of light beams radiated out 
from the light guide pipe; and the light reflection sheet is formed with an arrangement of multiple substantially identical 

30 and/or substantially similar base units composed of sloped reflection surfaces at a pitch of 5000 jim or less. 

[0015] In a planar light source device according to the present invention, which is provided with the above charac- 
teristics, it is preferable that, at least on one surface of the light guide pipe, there be provided corrugated unevenness 
having a pitch of 500 u/n or less, and, in this case, ridge lines of the corrugated unevenness be set in a direction that 
is substantially perpendicular to the light guide pipe side edge portion where the light source is arranged. 

35 [001 6] Also, in a planar light source device according to the present invention, it is preferable that the light extracting 
mechanism be formed by a pattern in which there are arranged multiple convex protrusions provided to the opposite 
surface side from the light radiation surface of the light guide pipe. Here, it is preferable that a value h/Wmin defined 
by a depth h of the convex protrusions and a minimum opening width Wmin, be 0.5 or greater. 
[0017] Further, in a planar light source device according to the present invention, it is preferable that a coat layer 

40 made of a transparent insulating material be provided on the light reflection surface. In this case, it is preferable the 
metallic material be silver or aluminum, and the coat layer be composed of a transparent material having a resistivity 
of 1 .0 x 1 6 6 Q-cm or greater. 

[0018] Furthermore, in a planar light source device according to the present invention it is preferable that a surface 
of the coat layer composed of a light-transmissive material which is provided on the light reflection surface be a flat 
45 and smooth surface. It is also preferable that a printed pattern be provided on the flat and smooth surface of the coat 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
50 [0019] 

Fig, 1 is a perspective diagram showing a main portion of a planar light source device according to an embodiment 
of the present invention. 

Fig. 2 is a construction explanatory diagram, schematically showing a state that light that has entered a light guide 
55 pipe becomes a surface light source in the planar light source device of the embodiment shown in Fig. 1 . 

Fig. 3 is a plan diagram showing an outline of an arrangement example in a case where a point light source is 
used in the planar light source device of the present invention. 

Fig. 4 is a partial plan diagram and cross-sectional diagram taken along a line 4b - 4b, showing a light reflection 
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the light guide pipe in the planar light source device of the present invention, showing this by expanding a portion 
of the light guide pipe. 

Fig. 24 is a cross-sectional diagram showing an outline of still another configuration of the light extracting mech- 
anism composed of multiple cross-sectionally V-shaped groove portions formed on the opposite surface from the 
5 light radiation surface of the light guide pipe in the planar light source device of the present invention, showing this 

by expanding a portion of the light guide pipe. 

Fig. 25 is a cross-sectional diagram showing an outline of yet still another configuration of the light extracting 
mechanism composed of multiple, cross-sectionally pointed protrusions formed on the light radiation surface of 
the light guide pipe in the planar light source device of the present invention, showing this by expanding a portion 
10 of the light guide pipe. 

Fig. 26 is an explanatory diagram of a method of measuring directional selectivity of a light flux in the light guide 
pipe of the present invention. 

Fig. 27 is a plan diagram showing, in outline, an example of an arrangement pattern of the convex protrusions 
which compose the light extracting mechanism provided to the light guide pipe. 
15 Fig. 28 is a plan diagram showing, in outline, a preferable arrangement pattern of the convex protrusions which 

compose the light extracting mechanism provided to the light guide pipe. 

Fig. 29 Is a construction explanatory diagram schematically showing a state that light beams that have entered 
the tight guide pipe become the surface light source, and a state that they do not become the surface light source 
depending on the light extracting mechanism, respectively. 
20 Fig. 30 is a construction explanatory diagram showing, in outline, definitions of a depth h and a minimum opening 

width Wmin and maximum opening width Wmax, making reference to two examples of the convex protrusions that 
compose the light extracting mechanism provided to the light guide pipe. 

Fig. 31 is a construction explanatory diagram showing, in outline, definitions of the depth h and the minimum 
opening width Wmin and maximum opening width Wmax, making reference to another two examples of the convex 
25 protrusions that compose the light extracting mechanism provided to the light guide pipe. 

Fig. 32 is a construction explanatory diagram showing states that an ability to selectively radiate light beams to 
the reflection sheet side changes depending on the form of the convex protrusions that compose the light extracting 
mechanism provided to the light guide pipe. 

Fig. 33 is a partial cross-sectional diagram showing, in outline, the vicinity of a light incidence surface of the light 
30 guide pipe. 

Fig. 34 is a characteristics diagram showing a relationship between an angle of incidence ip into the light guide 
pipe and an angle of radiation G to the inside of the light guide pipe after undergoing a refraction operation. 
Fig. 35 is a construction explanatory diagram showing a state that a bright line is generated in the light guide pipe 
in the vicinity of the light source arrangement in the planar light source device. 
35 Fig. 36 is a construction explanatory diagram showing that the bright line is difficult to occur in the light guide pipe 

in the vicinity of the light source arrangement in case of the planar light source device of the present invention. 
Fig. 37 is a perspective diagram partially showing the planar light source device in accordance with another em- 
bodiment of the present invention, in which a means possessing a light condensing function is provided on a top 
surface of the light guide pipe. 

40 Fig. 38 is a perspective diagram partially showing the planar light source device in accordance with another em- 

bodiment of the present invention, in which another means possessing a light condensing function is provided on 
the top surface of the light guide pipe. 

Fig. 39 is a perspective diagram partially showing the planar light source device in accordance with another em- 
bodiment of the present invention, in which still another means possessing a light condensing function is formed 
45 on the top surface of the light guide pipe. 

Fig. 40 is a construction explanatory diagram showing a light beam locus in the planar light source device of the 
present invention, and a light beam locus in a conventional planar light source device, at a time when a light guide 
pipe provided with corrugated unevenness on the light radiation surface is used as a constitutive element of the 
planar light source device. 

50 Fig. 41 is a perspective diagram partially showing the planar light source device in accordance with still another 

embodiment of the present invention, in which a light condensing function means of yet still another configuration 
is formed on the light radiation surface of the light guide pipe. 

Fig. 42 is a characteristic chart showing a density of a number of states of radiated light beams in accordance with 
each optical system. 

55 Fig. 43 is a construction explanatory diagram showing an outline of the main portion of the planar light source 

device according to another embodiment of the present invention. 

Fig. 44 is a cross-sectional diagram showing an outline of a main portion in an example of a conventional planar 
light source device. 
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(Light extracting mechanism provided to the light guide pipe) 

[0028] Additionally, there is provided a light extracting mechanism 21 to the light guide pipe 1 1 . The light extracting 
mechanism 21 is composed so as to selectively make the light beams which have entered the light guide pipe 11 be 
5 radiated to the light reflection sheet 1 8; and, specifically, it is necessary that a light flux of equal to or greater than 65%, 
more preferably 70%, even more preferably 75% of the radiated light beams from the light reflection sheet 18 of the 
light guide pipe 11 be radiated thereto, and there is no particular limitation on the light extracting mechanism 21 to be 
used as far as it satisfies this requirement. 

[0029] Here ; in order to make at least 65% of all the radiated light beams that exit the light guide pipe 11 radiate to 
10 the light reflection sheet 1 8, one can conceive of various configurations for the light extracting mechanism 21 provided 
to that light guide pipe 11, but the configurations thereof are not particularly limited. However, as a most preferable 
configuration, there may be given a light extracting mechanism 21 in which a plurality of convex protrusions 22 are 
formed in a predetermined pattern to the surface (i.e., the surface on the light reflection sheet 18 side) 16 opposite 
from the light radiation surface 15 in the light guide pipe 11 as is shown in Fig. 20. 

15 

(Various shapes of the convex protrusions of the light extracting mechanism) 

[0030] Additionally, for the convex protrusions 22 which are to perform the function of radiating the majority of light 
:beam components 28 to the side of light reflection sheet 18, various shapes can be given which are shown in Fig. 30 
20 and Fig. 31 . The convex protrusion 22 shown in Fig. 30(a) is oval-shaped at a cross-section, and the convex protrusion 
.22 shown in Fig. 30(b) is rectangular at a cross-section. Further, the convex protrusion 22 shown in Fig. 31 (a) is 
rectangular at a cross-section and the bottom end thereof is tapered to a triangle. Additionally, the convex protrusion 
22 shown in Fig. 31(b) is a rectangular shape that is substantially a diamond shape at a cross-section. 

25 (Various configurations of the light extracting mechanism) 

[0031] In addition to these, as shown in Fig. 21 - Fig. 25, using various surface shape designs, it is possible to execute 
a design such that the majority of the radiated light beams that radiate from the light guide pipe 11 is directed toward 
the light reflection sheet 1 8. Namely, the configuration shown in Fig. 21 is one in which multiple convex protrusions 22 
30 shaped as triangles at a cross-section and are formed in a predetermined pattern to the surface 1 6 on the light reflection 
sheet 18 side of the light guide pipe 11 , to thus serve as the light extracting mechanism 21 . 

[0032] Further, the configuration shown in Fig. 22 is one in which concave depressions 24a are formed to the surface 
16 of the light guidepipe 11 on the light reflection sheet 18 side, whereby relatively extruding portions 24b are formed, 
and this serves as the light extracting mechanism 21 . Additionally, the configuration shown in Fig. 23 is one. in which 

35 multiple groove portions 25 that are V-shaped at a cross-section are formed at predetermined intervals to the light 
radiation surface 15 of the light guide pipe 11, to thus serve as the light extracting mechanism 21. 
[0033] Also, further, the configuration shown in Fig. 24 is one in which multiple groove portions 26 that are V-shaped 
at a cross-section are formed to the surface 16 on the light reflection sheet 18 side of the light guide pipe 11, and this 
serves as the light extracting mechanism 21 . Further, the configuration shown in Fig. 25 is one in which multiple pro- 

40 trusions 27 having a cross-sectional shape of an inverted V and are formed at predetermined intervals to the light 
radiation surface 15 of the light guide pipe 11 , and this serves as the light extracting mechanism 21 . 
[0034] In addition to these configurations, there can be a configuration in which a light scattering body that has 
forward scattering property with respect to a particular direction is provided inside the light guide pipe 11 , or a config- 
uration in which a hologram element or a surface relief element or other such diffractive optical element is provided to 

45 the surface of the light guide pipe 11 , for example. As long as the light extracting mechanism 21 can radiate at least 
65% of the radiated light beams from the light guide pipe 11 to the light reflection sheet 1 8 as described above, there 
is no particular limitation thereto. 

(Selectivity measuring means for the direction of radiation) 

50 

[0035] Here, as described above, in the light guide pipe 11 used in the present invention the proportion of the light 
flux that is selectively radiated to the light reflection sheet 1 8 must be at least 65% or greater of the total light flux 
emitting from the light guide pipe 11 . This is for the effect of the optical design of the present invention to function 
effectively, as described above. An outline of a measuring means for measuring the selectivity on the direction in which 
55 the light flux radiates is discussed. 

[0036] Namely, a black sheet 37 (flock paper, for example) which nearly completely absorbs the light is first arranged 
at a position where the light reflection sheet 18 is normally arranged; and as shown in Fig. 26, the light guide pipe 11 
is set facing in the normal direction and made to light up in a integrating sphere 37; and the total amount of the light 
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the light guide pipe f 1 and Wmiri being the minimal opening width which is 0.5 or greater, more preferably 0.6 or greater, 
more preferably 0.7 or greater. Accordingly, the greater part of the light beams that are incident on the convex protru- 
sions 22 will radiate to the light reflection sheet 18. 

[0046] The convex protrusions 22 shown in Fig. 20 were oval-shaped at their cross-section, as is clear in Fig. 30(a), 
but in the case where they are rectangular at their cross-section as shown in Fig. 30 (b), the size of the shorter side 
of the cross-sectional rectangle is the minimal opening width Wmin. If the convex protrusions 22 are designed so as 
to satisfy such conditions, it is possible to configure a desirable shape with which at least 65% or greater of the radiated 
light beams from the light guide pipe 11 is radiated to the light reflection sheet 18. 

[0047] Additionally, in order forthe light beams that are incident on the convex protrusions 22 to be sufficiently radiated 
out to the light reflection sheet 18, it is preferable that the shape of the opening of the convex protrusions 22 be such 
that a value of h/Wmax, as defined with Wm ax being a maximum opening width and h being the depth of the convex 
protrusions 22, is 0.5 or greater, more preferably 0.7 or greater, even more preferably 0.9 or greater, as shown in Fig. 
30 and Fig. 31. 

[0048] To explain this situation in further detail, as shown in Fig. 32(a), in the case where the minimum opening width 
Wmin is as desired, then it is easy for the light beams 30 that propagate through the inside of the light guide pipe 11 
to collide against the walls of the convex protrusion 22. Thus, the light beams which have collided against the walls 
can no longer remain inside the light guide pipe 11 , and are thus radiated out to the light reflection sheet 18 side (the 
radiated light beams are indicated by reference numeral 28). 

[0049] However, in the case where the minimum opening widlh Wmin is in an inappropriate range as shown in Fig. 
32(b), it is easy for the light beams 30 that propagate through the inside of the light guide pipe 1 1 to collide against the 
bottom portion of the convex protrusion 22, so the light beams collide against the walls after being entirely reflected 
by the bottom portion of the convex protrusion 22, as shown by the light beam locus in Fig. 32(b). As such, there are 
generated many light beam components 31 which are not radiated to the light reflection sheet 1 8 side. In other words, 
from the perspective of radiating the light beams out to the light reflection sheet 18 side, the most preferable configu- 
ration is that of the case shown in Fig. 32(c) in which the minimum opening width Wmin and the maximum opening 
width Wmax are both in the desired range. 

[0050] As described above, in the tight extracting mechanism preferably used in the present invention and depicted 
in Fig. 20 to Fig. 25, the form thereof is ultimately determined from the perspective of radiating out, to the light reflection 
sheet 18, 65% or greater of the light beams that radiate from the light guide pipe. Explanation will be made on more 
detailed designs. 

(Light extracting mechanism design theory) 

[0051] First, in a fluorescent tube or such which is frequently used as the light source, ultra-violet light which is 
obtained by means of plasma electric discharge excites minute fluorescent particles which are attached to a tube wall, 
and thus light emission is achieved. As such, distribution of the radiation angles of the radiated light beams obtained 
here indicates a characteristic similar to that of a so-called diffusional light source, in which uniform intensity is exhibited 
with respect to almost all angles. 

[0052] Therefore, in Fig. 33, which shows the vicinity around the light incidence surface of the light guide pipe, there 
is considered a geometrical distribution of the light beams that travel within the light guide pipe, based on assumption 
that the distribution of the angles of incidence of the light beams that are incident on the light guide pipe are constant 
from every angle. 

[0053] Where the refractive index of the light guide pipe is defined as n according to Snell's Law, 



[0054] Therefore, a relationship between the incidence angle <p at which the light beams that radiate from the light 
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light guide pipe having the refractive index a7 T T at the incidence ™& of <p, into the 

graph shown in Fig. 34. When a J^ "^^,^ ttff ^ Plpe) ' Can be ° b)ained - ■ 
first, a quantity of light beams reaching at a giveTe an area rreoLT 9 T * ^ 8 h t0 be Calculated ' 
approximation without consideration for Fresnli lit' TJ ? °. * ™ 9 8 W,dth 0,±A9/2 is obtained . based on 
number of states denstty n(6) a, £J55E£T, Z foZs * **" " BM 9Uide Pip * and usina *• 

arcsinf/7 • sin(^ + A0/2)) 
\n(<p)d?..{\) 
arcsin[/7-sin((?-A^/2)) 



wherein, 



Further,* the distribution 0, the angles of the incident light is -ated as a constant, since (e, = Const for an arbitrary e. 

Cn n (<P) d ? = C* Const -<t<P = Const.-n = 1 



Const. = - 
n 



Therefore, 



arcsin(/7sin(# + A0/2)) 

K 

arcsin(/7-sin(/9- 

Therefore, the light beam distribution density n(e) at e is: 



arcsin^ • sinj* + _ arcsir |„ . sjn ^ _ 
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In other words, in the vicinity of a critical angle of incidence, the density of the number of states increases significantly, 
and even when consideration is given for the effect of the Fresnel loss in formula (1), 

n(Q) = n cos6 . /(arcsin(f).sinG)) 



I 2 2 

sin e 



n + ?(n 2 -1)e 2 + 0[G] 4 



30 



ye) = 



n-cose-cos(arcsin(f?-sin6)) 
(cos(arcsin(n-sin6)) + n-cos6) 2 



, /n . n-cos6-cos(arcsin(nsin6)) 

J5 f Ax) j — 

p (n-cos( arcsin (n-sine)) + n-cos9) z 

Thus the tendency remains the same (note that, fs and fp represent a case of polarization s and polarization p respec- 
tively). 

40 [0055] Therefore, in the case where transparent resin is used for the light guide pipe, as regards the angle of incidence 
on the side of the surface of the light guide pipe where the light extracting mechanism is formed, there exist many light 
beams which enter at an angle of incidence in the vicinity of 50°. That is, as shown in Fig. 29(a), if the shape of the 
convex protrusion is such that it has sufficient width relative to the width of the opening in the convex protrusion, then 
the light beams that become incident on the opening in the convex protrusion will be radiated from the wall of the 

45 protrusion without fail, so it becomes possible to selectively output the radiated light beams only in one direction, and 
the above-mentioned h/Wmin and h/Wmax will be set within the appropriate range by virtue of these factors. Also in 
other light extracting mechanisms shown in Fig. 22 to Fig. 25, the shape is designed in consideration of the charac- 
teristics of the light beams that propagate through the inside of the light guide pipe based on the above. 

so (Regarding forming the convex protrusion of the light extracting mechanism as a flat and smooth surface) 

[0056] Further, in the present invention, it is extremely important to execute a construction such that the greater part 
of the radiated light beams from the light guide pipe 11 are radiated out to the light reflection sheet 18 side. For example, 
even if a light guide pipe is obtained in which the above-mentioned value of h/Wmin is within the desired region, in the 
55 case where the side surface of the convex protrusions 22 or the surface around the opening in the convex protrusions 
22 has become a rough surface due to (insufficient) mold precision or some other such cause, diffuse reflection of the 
light beams will take place at that rough surface portion and a situation will be generated in which it is no longer possible 
to radiate the greater part of the light beams out to the light reflection sheet 1 8. 



11 



BNSDCCID: <EP 1215526A1_I_> 



40 



45 



50 



55 



EP 1 215 526 A1 

the light guide pipe „ . ,„ . co^S^^T^SSSS^ I " ,he radia,ed flux f ™ 

enon that is produced by the rouqh surface „ ZZT „ eXtractlng mec hanism is a simple light-scattering phenom- 
• *vice Jt is not possib,^^^^^^^ 

out. More specifically, as regards the surface o X ci™ ^ ,J 6 PreS6nt inVenti0n is sufficientl V d ™n 
10 points, as determined by JIS 8060^^ a ZnTJTZ J ° f r0U 9 hness across 

more preferably 0.02 to 2 um, particulariy p^eral o 05 m kT' m0re pre,erab,y 0 02 10 4 e ™ 

(Working of the light reflection sheet) 

'* There are many instances where these rad! a Z ilh K 9M refleC, '° n Sheel side as desc *ed above 

enterthe light rejection ^^££2%^ T»* ^ "** 28 ^ ^ 

provided to the light reflection heifea^ 
» the light guide pipe 11 to the light reflection sheet J 8 1 de^cf n , ! ? T**™ 8 6660 8etealwi * rad i a ' a <"r°m 

functionof deflecting the .ight are attained by a refraction toe ^'J^ k ^ C ° nden8in9 1,16 li9W 0r the 
type planar .ight source device, in the present! ve^ 

units 1 9 oomposed of the sloped r^^^^^^^"!^ ^ SUbstantiall V base 

in the form of, for example, Lc^TZaTr^ZTo^ *° " ght re,leC,i ° n Sheet 1 8 are desi 9^ 

the desired optica, functions such as the Jh, cZensin ELSl TZ ^ m *~* 1 8 Can be 

(Concrete description of the light reflection sheet) 

City w^hl ^ * -e present invention be a bac.ng 20 having 

accordance with the object of applLtion so the hSnes L ' ' T *■ ^ a PP ro P" a ^ elected in 

the reflectivity, from the perspective necessan| V '""ted to the above. Further, as regards 

composed of a material h JngTh^SSS " 8 ** ^ " flht re " eCti ° n Sheet 18 be 

poses of displaying images to be viewed by people 9 P " the matGrial is most| y used P^. 

SsiS;^ 

orgreater.mbreprefe^^ 
[00641 ^^r, in the present inve 9 ntion,aLr ion" 

and .t is preferable thatthe light reflection sheet portion » 9 ^ '"^ P ° rtl0n Should be avoided . 

in the range of the visible light spectrum The^ 

nm which is located substantially in the mkidte of he vKihT V T ° ^ °' the Sp6Ctral ref,ectance a « 550 
be determined as well. * SpeCtrum for the reflectivity, and a preferable range can 

23 issr of r r erial positioned ° n ,he — - - 

surface be provided with a material having ^ * 2 re2l !' h ?L ^ P 0rtion of ^ ^« 
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the case where high directivity 'is desired, it is a mirror reflection layer composed of silver, aluminum or the like is 
preferably used, and in the case where a wide distribution of radiation angles is desired, a diffuse reflection layer 
composed of a resin mulled with white pigment, a foam resin or the like is preferably used. 

5 (Concrete explanation of the base units formed on the light reflection sheet) 

[0067] Further, in order to make the array of the base units 19 not recognizable on a screen, it is important that the 
pitch P of the array of the substantially identical and/or substantially similar base units 1 9 be as minute as possible. 
Specifically, the pitch P is 5000 p.m or less, preferably 1000 jim or less, more preferably 500 u.m or less. 

10 [0068] For the substantially identical and/or substantially similar base units 19 which are composed of the sloped 
reflection surfaces 19a provided on the surface of the light reflection sheet 18, the configuration can be given in which: 
the structure is typically such that the base units 19 are sawtooth-shaped along their cross-section as shown in Fig. 4 
(a)(b), or the base units 19 are point-shaped as shown in Fig. 5(a)(b), and that the base units 19 have periodicity along 
the direction of only a single axis thereof; the pitch is 3000 ujti or less, preferably 800 ujti or less, more preferably 300 

75 ^.m or less; and there is used the array of the base units 1 9 composed of the flat sloped reflection surfaces 1 9a formed • 
in parallel straight lines and arranged such that the ridge lines 19b are lined up in parallel when the light reflection 
sheet 1 8 is viewed from above. 

[0069] This is given because, in the configurations in which the ridge lines 1 9b of the sloped, flat reflection surfaces 
19a are substantially arranged in parallel as shown in Fig. 4(a)(b) and Fig. 5(a)(b), it is easy to apply cut processing 
20 using a diamond cutting tool or end mill, and thus, production of the mold to provide this shape is easy, minute sizing 
is easy, and a capacity for mass production is significantly high. 

[0070] Further, what is meant by "the ridge lines 1 9b of the multiple base units 1 9 are arranged in a parallel state" 
is not that a completely parallel state is maintained, but that they are arranged in substantiallyparallel. That is, as shown 
in Fig. 1 6, a configuration, orthe like is also possible in which mutually adjacent ridge lines are arranged while exhibiting 

25 minute looseness. In such a configuration, it becomes possible to prevent optical interference with a gate array of the 
liquid crystal panel, thereby obtaining illumination light characteristics that are desirable for the backlight device. 
[0071 ] By using such a light reflection sheet 1 8 in which there are arranged the multiple flat sloped reflection surfaces 
19a in parallel strait lines: the pattern composed of the above-mentioned convex protrusions 22 becomes the light 
extracting mechanism 21 , and the radiated light beams from the light guide pipe 11 designed so that the greater part 

30 of the light flux radiated from the light guide pipe is directed toward the side on which the light reflection sheet 18 is 
arranged is reflected in the direction of the normal line 17 in relation to the light guide pipe 11 by the effect of the flat 
sloped reflection surfaces 19a in parallel straight lines. Therefore, it becomes possible to obtain an illuminating light 
beam having extremely favorable characteristics for the planar light source device 10. 

[0072] As shown in Fig. 12, depending on the configuration of the used light extracting mechanism 21, there are 
35 various ranges that are desirable for a slope angle a of the sloped reflection surfaces 19a used for the substantially 
identical and/or substantially similar base units 19. The range should be appropriately determined from the viewpoint 
of changing the direction of the radiated light beams from the light guide pipe 11 to the direction of the normal line 17 
of the light radiation surface 15. 

[0073] For example, in the configuration that uses the convex protrusions 22 for the light extracting mechanism 21 
40 as shown in Fig. 20, or in the configuration that uses the cross-section ally triangular protrusions 23 as shown in Fig, 
21 , for the slope angle a of the sloped reflected surfaces 1 9a, it is favorable to use a range of preferably between 50° 
to 7°, more preferably between 40° to 10°, even more preferably between 34° to 15°. 

[0074] Further, it is preferable that the cross-section of the sloped reflection surfaces 1 9a that compose each base 
unit 1 9 have the concaved shape shown in Fig. 6 and Fig. 7, from the viewpoint of light condensation. This is preferably 
45 used not only in the configuration in which there are arranged the multiple flat sloped reflection surfaces in parallel 
straight lines which are preferably used in the present invention, but also in a configuration in which there are arranged 
base units 19 shaped as concaved-surface mirrors as shown in Fig. 8 to Fig. 11 , or the like. 

[0075] Even in this case, the range that is to be used preferably for the slope angle a of the sloped reflection surfaces 
19a should be determined from the perspective of changing the direction of the radiated light beams from the light 

50 guide pipe 11 into the direction of the normal line 17 of the light radiation surface 15. For example, in the configuration 
that use the convex protrusions 22 or the cross-sectional ly triangular protrusions 23 for the light extracting mechanism 
21 as shown in Fig. 20 or Fig. 21 , a preferable range for the slope angle a of tangent lines at a center portion of a 
concaved cross-section as shown in Fig. 13 is preferably between 50° to 7°, more preferably between 40° to 10°, even 
more preferably between 34° to 15°. 

55 [0076] The base units 1 9 composed of the cross-sectionally concave reflection surfaces 1 9a are provided as reflec- 
tive elements to the light reflection sheet 18, whereby it becomes possible to convert the light flux 28 having a broad 
expanse which radiates out from the light extracting mechanism 21 provided to the light guide pipe 11 into a light flux 
29 having sharper angle characteristics (a light flux that is closer to a parallel light flux) while radiating the light flux in 
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Pipe 11 into a more coSed raSed LhTTI P h S C ° nVert the radiated ,lflht beams from tne «B« guide 
with respect to the lig* guS p£ T 1 9 * bm h the direction ° f the "°™ a ' line 17 

5S» «stss::;r ^ nve ntiona, -* pe p,anar ii9ht **• 

using such a member, and substantially ejual omical cZZct'i, V ^ ^ be realiZed without even 
light source device can be significant sSied T if * 2 WMe * StrUCture of the P lana ' 

source device, such as mJS^!!^J^S!^T^ 3 PraC,iCa ' planar 

mixing and cutting costs. ^ StepS ' ,rn P rove ment yield, lowering of probability of dust 

(Explanation of bright line prevention effect) 

32 which worsened the outward appearance How^r hp *L ? ' 3 P nenomenoa called a bright line 

that entered the upper and JerZ^u^^I "*f CaUS6 ° f ,hiS Phenomenon was the light beams 

edge portion 12 of the ligh gute pte^n oi^Sim , T 1 * ° ref ' eCti ° n 8heet 33 the Viclnit y of the side 
an rgementofre JJ^ 

• further complication of the structure and incurred higher costs ' C " H ° W3Ver ' th ' S inVOlved 

for the light refaction sheet « T as s^wn in Rg 36 even t S ? If SUrfaCeS 1 9a are 
Therefore, -.aS^ 

(Form of the base units considered from the perspective of light condensation) 

used for the base unrts 19 as to descnbed 111 L SS ' SeCt,0nal| y concave and sloped reflection surfaces 19a are 
concaveand sloped M^^SX^JS^ * T™*"" that these ^-sectionally 

when the mold is made, genera % a utting proces fi ^TZ^T? " ^ F ' 9 1 6 ' This is because 
the production of the bite is B^bJZSSZl^tS^Ti ^ l00 ' °' the like is utilized > and 

detail. In the case of the cross^LS^n^T^?^ P ^ Shape ' The reasonin 9 is ex P |aine d in more 
cave reflection surface SSiS^T "V" ^ Sh ° Wn in * 15 ' ,heco - 

but straight lines that are crossS ffwn^r^ "J ™ & * 9 * PmM n0t CUrVed lines 

configuration of the substantially identical ZX^^, 9 , SUrf3CeS - Furtner ' as anothe r 

reflection surfaces 19a. there fS^^Sn^S? ^ ""^ 19 ,h * 9r6 C ° mp0Sed of the sl °Ped 
reflection surfaces 19a havi g a ZZu^T^ZTo^ ZZT^" ?"* concaved ^^e mil 
preferably 300 ^ or less are arranged aTs Z'tfL 9 or S 1 1 TlnT Pref f erably8 °° ^ m ° r less > eve n ™re 
the lightcondensation not only in one direction but in tlnLZl* ' „ 3 con,, 9 uratlon . * Possible to perform 
improve the light condensation ^^^XS^ZSSS^ ^ " beC ° meS P ° SSib ' e l ° fUrther 
multip,e„6 ped reflection surfaces ^atornned,^ 

«e^ 

radiated from the patterned portion ^TI^IT ' SUCh th3 ' the light beam «™P°nents 

side are reflected in the direction ol !TS™i7n >k pr ° tmS,ons and travelin 9 toward the light reflection sheet 
in the two dfc^^ESLSS o°ZZT T? t0 li9M 9Uide Pipe ' ThUS ' the sensation of light 
are achieved simulteneou^, Z^S^ZS T "* ? ^ ^ ''^^ °' the 9 Uide P^ e 
planar light source device. 9 P ° bta ' n,n9 a s, 9 nrfloant| y a "Perior illumination light beam for the 

IS -St tha basa 1 » -re provided 
are not restricted to have the Z^S^Z^i^TT' 1^^°" SUr,a ° eS 193 « ' he baSe uni,s 19 
shape as shown in Fig. 1 7. Even ^henTuch cZ Z2?% ^ l ° h3VS 3 cross - s ectiona..y convex 

of the base units 19 rt is poss.bte to brinn LnZ ,T * SUrf3CeS 8re USed for ,he refle ction surfaces 1 9a 
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[0083] Further, in order to improve the light condensation of the planar light source device in the present invention, 
on the upper surface 1 5 of the light guide pipe (the surface on which the pattern composed of the convex protrusions 
is not arranged), it is desirable to provide pointed unevenness 34 as shown in Fig. 37, or corrugated unevenness 35 
as shown in Fig. 38, and, additionally, lenticular lens elements 36 as shown in Fig. 39. 

5 [0084] At this time, the direction of the pointed or corrugated unevenness 34, 35 or the lenticular lens elements 36 
is established such that ridge lines thereof are substantially perpendicular to the side edge portion 12 to which the light 
source 13 is provided. Accordingly, together with the light condensing effect obtained from the sloped reflection surfaces 
1 9a provided to the light reflection sheet 1 8 and having the cross-sectionally concaved shape or the like, it thus becomes 
possible to obtain a significantly great light condensing effect. 

10 [0085] To explain this situation in further detail, in the present invention, due to the effect of the light extracting 
mechanism 21 as shown in examples in Fig. 20 to Fig. 25. the greater part of the radiated light beams 28 from the light 
guide pipe is once made to be radiated toward the light reflection sheet 18 side as shown in Fig. 2. Then, due to the 
effect of the substantially identical and/or substantially similar base units 1 9 composed of the sloped reflection surfaces 
1 9a provided to the light reflection sheet 1 8, the direction of the radiated light beams is deflected in the direction of the 

15 normal line 17 with respect to the light guide pipe 11. Then the light beams are incident onto the light guide pipe 11 
again and are concentrated by means of the pointed or corrugated unevenness 34, 35 such as a triangular prism array 
or the lenticular lens elements 36, which are provided to the light guide pipe. 

[0086] Accordingly, although there was a proposal to form the triangular prism array or the like integrally with the 
light guide pipe to improve the light condensation even in the conventional-type planar light source device, the situation 
20 as viewed from an optical perspective is in the planar light source device of the present invention entirely different from 
the conventional one, and it becomes possible to obtain an essentially advantageous optical system from the perspec- 
tive of light condensation. This situation is shown in Fig. 40(a)(b). 

[0087] In other words, in the conventional-type planar light source device, there were many light beam components 
31 which tried to travel directly in the direction of the light radiation surface 15 from the inside of the light guide pipe 
25 11. Therefore, as shown in Fig. 40(b), the light beam did not travel toward the direction of the normal line 1 7 with respect 
to the light guide pipe 11 . Even light beam components which were supposed to be concentrated passed through a 
boundary between the light guide pipe 1 1 and air layer only one time, as seen in the light beam locus shown in Fig. 40 
(b). Therefore, sufficient condensation could not be achieved. 

[0088] However, in the planar light source device of the present invention, the greater part of the radiated light beams 
30 28 from the light guide pipe 11 is once radiated toward the light reflection sheet 18 as shown in Fig. 40(a). Therefore, 
as seen in the light beam locus shown in Fig. 40(a), the greater part of the radiated light beams 28 can pass through 
the interface between the light guide pipe 1 1 and the air layer two times, so the light guide pipe 1 1 itself functions as 
a thick lens array sheet. Thus, it is possible to obtain significantly superior performance from the perspective of light 
condensation. 

35 [0089] In order to more specifically consider this effect, a calculation is made of a distribution of the states of the light 
beams that radiate geometrically from the light radiation surface. In Fig. 40, which is a cross-sectional diagram viewed 
from the side of the light incidence surface 11 of the light guide pipe, the radiation angle at which the light beams are 
radiated by the light extracting mechanism provided to the light guide pipe is defined as y, and a vertex angle of the 
triangular prism array provided to the light guide pipe is defined as 5. 

40 [0090] In the light guide pipe in which the triangular prism array of the conventional type was provided, there was 
no optical design for selectively leading the radiated light beams to the light reflection sheet 18 side by means of the 
light extracting mechanism. Therefore, as shown in 40(b), there were many light components 41 which entered the 
triangular prism portion directly from the inside of the light guide pipe and underwent the refraction process in the prism 
portion. The angle of radiation £ b of such light components 41 is expressed as a function of y and 6 as follows: 

45 



50 



55 




[0091] On the other hand, in the optical system of the present invention shown in Fig. 40(a) in which the radiated 
light beams are once radiated out to the light reflection sheet 18 and the light guide pipe can operate as the prism 
sheet, the distribution of the radiation angles £ a of the radiated light beams is expressed as 
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£ = arcsin 
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light beam components remaining in STSKoTS which S T* - "" ""^ ^ there are man * 

condensation action cannot be bLined r ° m theforward dire <*°n. Thus, sufficient light 

frih^ 

essential role for achieving the light c»nin^ P ? ° PerateS 35 ,he PriSm Sheet ' P erforms a " ^^mely 

functions of increasing the light conden latiinTn thTl andT " needed ** PUrP ° SeS ° f aChteving the °P tical 
ture. However, if the functionof J^^^^^ 0 TT 0n ,hS SUrfaCe Struc ' 

accordance with all the reflection cond" ions which ^. . ftS^ST 7^ ^ pr ° pa9ate without loss 
sacriflced^the function of the planar light ^t^^S?^^ ^ by the ^ ^ *» »•* 

£"lr^^ 

beams chiefly propagate. By do'ng his the o2£ T Tf™"* *° ^ dir6Cti ° n in which ,he incida "<* light 
36 have an effect such that he Z'b em ^d^^TES TT- 84, * " the lens el « 

propagate through the inside of the &ht g^e pipe 1 ^T^SS^l^Z * *" ^ CeaSing ,0 

which uses the triangular prism array 34 'afshow in S„ 4 f ? theprocessin 9' a ries ^°'e configuration is one 
which a triangular prism arrav havinn » uorta , " " u , - *L /j f if ° W " Rg - 40(a >' such a configuration is used in 
k proved >o ,he mduta Lto'.^ % VS. 2 ?« ^T?*^ ™>« P'*™bly eo to ,10- 

achieve high light condensation easily. P ' 35 deSCnbecl above ' so » bec °™s possible to 

18 is provided on the opposite surface 16fromthTlinhS !, 9 1 9ht beamS ° Ut ,0 the "S"* reflection she * 
such as shown in Fig. 23 and Fig 25 tn w S^ff^!!? 5 ?^* 11 - hta «^ 
15 of the light guide pipe 11 , as shown I^fSSKSZS^' ""^ t0 *' ' i9h ' radiati ° n SUrfaCe 
prism array on the opposite surface 16 from the \ 2 1 1 • J? ! P d uneveness 34 such as the triangular 
figuration, it goes without say ng tha tV^XXSSS " " Pip6 11 " Ev6n in 
substantias perpendicu.ar to the side edge pon on 1 « ISSS^ "J" ^ ,he direCti ° n that is 
as described above. the llght "*•*»"<* surface of the light guide pipe 11, 
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reflected in the direction of the normal line 17 with respect to the light guide pipe 11 due to the effect of the sloped 
reflection surfaces 1 9a on the light reflection sheet 1 8. Further, on at least one surface of the light guide pipe 1 1 , there 
exists the pointed or corrugated unevenness 34, 35 or the lenticular lens elements 36 provided to improve the optical 
characteristics such as the light condensation. Thus, despite the extremely simple construction, it is possible to obtain 

5 an extremely high quality illumination light beam in the planar light source device 10. 

[0102] Note that, in the case where the linear light source 13 is provided only to the side edge portion 12 of the light 
guide pipe 11 as in the planar light source device 10 of the embodiment shown in Fig. 1, it is desirable to use the 
configuration shown in Fig. 20 on the surface opposite from the light radiation surface 15, namely, it is desirable to 
arrange the light reflection sheet 1 8 formed by the array of base units 1 9 composed of the concave reflection surfaces 

10 19a that are formed in parallel straight lines and sawtooth-shape. In the case where the linear light sources 13 are 
arranged to the two opposite side edge portions 12a, 12b of the light guide pipe 11 as shown in Fig. 43, it is desirable 
to use the configuration shown in Fig. 7 for the light reflection sheet 18, namely, it is desirable to use the light reflection 
sheet 18 formed by the array of base units 19 composed of the concave reflection surfaces 19a that are formed in 
parallel straight lines and corrugated-shape. 

75 

(Regarding the material of the light reflection sheet) 

[0103] There are no particular limitations on the reflective material to be used for the light reflection sheet 18 in the 
present invention; however, for ease of production, it is most favorable to coat the surface with silver or aluminum as 
20 shown in Fig. 14 and thus form a reflection layer 42 and use this surface as the reflection surface 19a. In particular, it 
is most preferable to use a method in which a dry process such as vacuum vapor deposition, sputtering or ion plating 
is used to form a thin silver reflection layer and coat the surface. 

[0104] Further, the reflection layer 42 is not limited only to a reflection layer made of a metallic material with regular 
reflection, but rather it is also possible to use a reflection layer that is diffusely reflective, being made of polyester resin 
25 with mulled white pigments such as titania, for example. In this case, the incident light beams are scattered in various 
directions by the reflection surface which is diffusely reflective, so it becomes possible to expand the direction of the 
reflected light, and it becomes possible to expand the viewing angle of the illumination light more than in the case 
where a regularly reflection surface such as an Ag thin film is used. 

[0105] Additionally, before performing the silver vacuum vapor deposition or the like, it is also possible to perform 
30 matte processing by conducting sandblast processing to the surface of the backing sheet to which there have been 
formed the substantially identical and/or substantially similar base units 19 that are composed of the sloped reflection 
surfaces 19a. By performing processing such as this, it becomes possible to give the regularly reflection surface mod- 
erate light diffusion property to obtain effects such as expansion of the distribution characteristic of the angles of the 
radiated light beams, suppression of glare in the illumination light beam, prevention of a moire pattern from developing 
35 which originates in interference with the gate array of the liquid crystal cells. 

[01 06] Other ways of forming the diffusional reflection layer include such configurations as one in which the diffusional 
reflection layer is formed of a foam polyester resin, a foam polyolefin resin, a foam ABS resin or the like, and one in 
which the surface of the backing is coated with a paint composed of white pigments. 

40 (Providing a protective layer on the light reflection sheet) 

[0107] The glossy metal surface of the silver reflection layer or the like can be very easily scratched, and it is in a 
state that oxidization and the like are easy to be occurred. Therefore, as shown in Fig. 14, it is desirable to prevent 
degradation of optical characteristics due to scratches and the like by, for example, painting the surface thereof with 
45 an ultra-violet, curing acrylic paint as a protective layer 43. Additionally, a coating layer of light-transmittable beads 
typified by glass beads or the like is provided as the protective layer 43 thereby achieving an effect identical to con- 
ducting a matte process to the above-mentioned substantially identical and/or substantially similar base units composed 
of the sloped reflection surfaces. 

[0108] Additionally, it is also possible to give this transparent coat layer (the protective layer 43) a functionality of an 
50 optical thin film and further improve the control of the incident light beams. For example, it is possible to provide a X/ 
4 plate, a A/2 plate or some other such optical thin film, and by further layering these optical thin films, it becomes 
possible to obtain a light reflection sheet having functions for controlling the polarization state of the incident light beams 
such as a function of a beam splitter and a function of a polarized light converter. 

[0109] Incidentally, instead of the above-mentioned coat layer 43, a coat layer 44 with different property may be 
55 provided such that the surface becomes flat as shown in Fig. 18. To explain this coat layer 44 in further detail, when 
the reflection surface 19a is formed from silver or aluminum as described above, the reflection surface 19a becomes 
highly conductive. Accordingly, there develops a problem of inviting a leak or a short circuit with the electricity that is 
used to light up the light source. This is a particularly serious problem in the construction that uses a high-voltage 
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sheet 18, it is possible to use a light -scattering material composed of a material having a different refractive index. The 
materialman be endowed with this effect by dispersing inorganic particles such as titania or the like into the alkali photo- 
curing resin that is preferably used as the material for forming the lighMransmissive coat layer 44. The light-scattering 
is thus made to occur, and the light beams that entered the light reflection sheet are moderately scattered. Accordingly, 

5 the control of the illumination light beam can be further increased. 

[01 20] According to the planar light source device of the present invention, thetransmissive material coating is applied 
so as to completely fill in the substantially similar base units 19, the light reflection sheet 18 is formed to be flat and 
smooth such that the shape of the base units 19 is not reflected onto the surface of the coat layer 44, and this light 
reflection sheet 18 is used in the planar light source device 10, whereby it becomes possible to print the extremely 

10 minute patterns 48, 49 onto the surface of the light reflection sheet 18. Therefore, it becomes possible to perform 
improvements of the optical characteristics, which are extremely important for practical purposes, for example, pre- 
venting the occurrence of the bright portions in the vicinity the light source, and correcting color unevenness in the 
case where the device is large-sized. 

[0121] In a preferable configuration of the present invention, the light reflection sheet 1 8 is formed of a resin material. 
15 in particular, it is formed of the backing 20 being composed of a thermoplastic resin film, represented by polyester 
resins, acryl resins, polycarbonate resins, polyamide resins, polyarylate resins, cyclopolyolefin resins or the like, and 
for the formation of the array of the concave reflection surfaces, it is preferable to implement formation by hot-press 
molding or by using a photo-curing resin. 

[01 22] When this is performed, it is preferable, for production reasons, to apply an embossing process using a thermal 
20 roll of a thermoplastic resin film, represented by polycarbonate, polyester, pofyalylate or the like. Further, the sheet 
made of the simple thermoplastic resin film lacks rigidity in the case where it is used in the LCD backlight, so crumpling 
of the sheet becomes a problem. That is, crumpling in the sheet makes unevenness in the level of brightness grow 
worse, thus generating a problem of deterioration of the outward appearance. 

[01 23] As a measure for dealing with this problem, on the surface of the thermoplastic resin film (i.e. , the surface on 
25 the opposite side from the side on which the reflection surfaces are formed), it is desirable to use an adhesive 45 to 
apply a drawing film 46, typified by biaxial draw polyester and biaxial draw polypropylene, and thus adopt a construction 
that guarantees the necessary rigidity. Note that, adherence of the backing 20, that is, the thermoplastic resin film, and 
the drawing film 46 may also be performed by fusion in addition to using the adhesive 45. 

[0124] The light reflection sheet 1 8 as above can be used also as a screen for image projection in a projector device 
30 or the like. That is, when the light reflection sheet is used as an image projection screen, only the light beam components 
which contribute to the display from the projector device are projected in the direction of a viewer, and exterior light 
from a window, for example, is not projected into the screen. Therefore, even if the image is not projected in a room 
that has been made dark, as was done conventionally, it is still possible to obtain an image exhibiting extremely high 
contrast, and a superior screen for practical purposes can thus be obtained. In particular, it is extremely preferable for 
35 use in showroom exhibitions, in-flight projections, and the like, becoming possible to provide vivid display images even 
in an' environment in which the surroundings are bright. 

(Explanation of the liquid crystal display device using the planar light source device) 

40 [01 25] In the present invention, the liquid crystal display device is a device which makes use of electroptical effects 
of liquid crystal molecules, namely optica! anisotropy (refractive index anisotropy), orientation and the like, changes 
orientation status of the liquid crystals in freely chosen display units by applying an electric field or by allowing electric 
current flow, and uses liquid crystal cells which are an arrangement of optical shutters driven by altering the light 
transmissivity and the reflectivity. 

45 [01 26] Specifically, the liquid crystal display elements can be given: a transmissive simple matrix drive supertwisted 
nematic mode; a transmissive active matrix drive twisted nematic mode; a transmissive active matrix drive in-plane 
switching mode; a transmissive active matrix drive multiple-domain vertical-aligned mode; and the like. 
[0127] By constructing the liquid crystal display device with the planar light source device of the present invention 
being used as a light source means for the backlight of the liquid crystal display elements, due to the effect of the 

50 planar light source device using the above-mentioned light reflection sheet, it becomes possible to obtain a liquid crystal 
display device in which the device is thinned (i.e., there are a few sheets), image quality is improved, particularly there 
are a few bright lines, construction is simple and assembly is improved, even yield is high, and costs are also decreased. 
[01 28] Hereinafter, more detailed explanation will be made according to embodiments of the present invention; how- 
ever, the present invention is not limited to the following embodiments, provided that the essence thereof is not ex- 

55 ceeded. 
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the base sheet to which the sloped reflection surfaces that are formed in parallel straight lines and are flat and smooth 
are formed; the processing for the sloped reflection surfaces is performed using the mold and then the surface is then 
roughened by performing sandblasting; and then the reflection layer is formed by performing vapor deposition of the 
silver. The slope angle a of the sloped reflection surfaces is made to be 25°, and thus, an optical system is obtained 
5 in which the light beams 28 obtained by the light extracting mechanism 21 composed of the convex protrusions 22 and 
radiated out from the light guide pipe 11 toward the light reflection sheet 18 side is altered in direction by the light 
reflection sheet 1 8 and the light beams radiate out in the direction of the normal line 1 7 with respect to the light guide 
pipe 11. 

[0138] For the light source 13, there was used the cold cathode tube having a tube diameter of 2.0 mm, which is lit 
10 up at a high frequency through an inverter, and directly above the light radiation surface 15 of the light guide pipe 11 , 
there is arranged a light dispersion sheet produced by coating acrylic beads having a have of 45%, and thus the planar 
light source device was obtained. When the tube current was set at 6 mA and the brightness measuring device (man- 
ufactured by Topcom, BM-7) was used to measure the average brightness from 25 points in the surface, an average 
brightness of 1 450 nit was obtained, and thus, it was confirmed that both the brightness performance and the brightness 
15 unevenness exhibit sufficient optical characteristics for practical use as the light source for the backlight in the liquid 
crystal display panel. 

[0139] Further, since the prism sheet, of which 2 pieces are normally arranged, is not used, contamination of dust 
between sheets, or the like is minimal, and assembling property is improved as well. Additionally, since there are no 
extra sheets, the planar light source device which is thin and light-weight can be obtained. Further, due to the effect 
20 produced by the light reflection sheet 18, the bright lines which were generated in the conventional-type planar light 
source device and which appeared in the vicinity of the light source and required a special measure were eliminated, 
so image quality was extremely superior. Furthermore, since the surface of the light reflection sheet has been made 
rough with sandblasting, a glare from light beams radiated in a particular direction disappears. Thus, the quality of the 
illumination light is extremely superior as the light source for the backlight in the liquid crystal display panel. 

25 

(Embodiment 3) 

[0140] For the light guide pipe 11 .there is used a 45.0 x 37.0 mm acrylic plate having a thickness of 1 mm, the linear 
light source 13 composed of a white LED is provided to a comer portion thereof, and on the light radiation surface 15 

30 side of the light guide pipe 11 , there is provided the light extracting mechanism 21 which is composed of cross-sec- 
tionally pointed protrusions 27 such as shown in Fig. 25 being arranged such that the pitch P thereof becomes gradually 
narrower further away from the corner portion at which the light source 13 is arranged. The top angle G of the cross- 
sectionally pointed protrusions 27 is 15°, and a base of the protrusions 27 has a width of 70 ujn. 
[0141] The formation of the light guide pipe 1 1 , in which there is formed the light extracting mechanism 21 composed 

35 of the cross-sectionally pointed protrusions 27 as described above, is achieved by means of injection molding process- 
ing which is executed using the mold that has been treated with processing for creating a corresponding form, and 
cutting processing performed by means of a diamond cutting tool is used for the processing for applying the form onto 
the su rface of the mold. With the effect that the cross-sectionally pointed protrusions 27 are provided to the light radiation 
surface 15 side of the light guide pipe 11 to act as the light extracting mechanism 21, there can be obtained the light 

40 guide pipe from which 72% of the light flux radiated out from the light guide pipe 1 1 is radiated toward the light reflection 
sheet 18 side and which is favorably used in the present invention. 

[0142] For the light reflection sheet 18 : there was used the light reflection sheet in which the base units 19 are 
composed of the reflection surfaces 19a formed as shown in Fig. 9 and being concaved-surface mirrors. A maximum 
diameter of the concaved-surface mirrors is set at 70 u.m, the silver sputtering layer is used on the reflection layer and 

45 the acryl resin containing beads therein is coated onto the surface of this silver sputtering layer. The slope angle a of 
the sloped reflection surfaces 19a is made to be 1 8°, and thus, an optical system is obtained in which the light beams 
obtained by the light extracting mechanism 21 composed of the cross-sectionally pointed protrusions provided on the 
light radiation surface 15 side of the light guide pipe 11 and radiated toward the light reflection sheet 1 8 side is altered 
in direction by the light reflection sheet 18 and the output light beams radiate out in the direction of the normal line 17 

50 with respect to the light guide pipe 1 1 . 

[0143] For the light source 13, there was used a chip-type white LED having an outer form of 2.0 x 3.0 x 1 .6 mm, 
and this was lit up at a forward voltage of 3.3 V, thereby obtaining the planar light source device using the white LED 
as the light source. When the brightness measuring device (manufactured by Topcom, BM-7) was used to measure 
an average brightness from 5 points in the surface, an average brightness of 220 nit was obtained, and thus, it was 

55 confirmed that both the brightness performance and the brightness unevenness exhibit sufficient optical characteristics 
for use as the light source for the backlight in a liquid crystal display panel for a portable telephone. 
[01 44] Further, since the prism sheet which is normally used is not utilized, assembling property becomes extremely 
satisfactory. Additionally, since there are no extra sheets, the planar light source device which is thin and light-weight 
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(Embodiments) 
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. produced by the light reflection 'sheet 18, the bright lines which were generated in the conventional-type planar light 
source device and which appeared in the vicinity of the light source and required a special measure were eliminated, 
so image quality was superior. 

5 (Embodiment 6) 

[0153] For the light guide pipe 11 there is used a 45.0 x 37.0 mm acrylic plate having a thickness of 1 mm, the linear 
light source 13 composed of a white LED is provided to a corner portion thereof, and on the light guide pipe 11 , there 
are formed the convex protrusions 22 having the diamond-shaped openings, and being patterned such that the length 
10 along a direction of a single axis grows relatively greater further away from the corner portion where the light source 
13 is arranged. Fig. 31(b) is an enlarged diagram of the convex protrusion 22. 

[0154] The depth h of the convex protrusions 22 is 27.0 jim, and the minimal width of the openings Wmin of the 
convex protrusions 22 when viewed at a cross-section of the direction that is perpendicular to the linear light source 
13 is 31 .0 ujti. Here, as in Embodiments 1 and 2, the mold to be used in the formation of the convex protrusions 22 is 
15 obtained by vapor depositing the electrode onto the glass plate which has been patterned with the dry film resist, and 
then this is used as the master to produce the mold by means of nickel electroformation. 

[0155] In order to further improve the light condensation of the light guide pipe 11 , on the side of the light guide pipe 
1 1 to which the light extracting mechanism 21 that is composed of the convex protrusions 22 is not provided, there is 
formed the prism array 34 having the top angles of 90° and a pitch of 50 urn The ridge lines of the prism array are 

20 arranged so as to be perpendicular to the side edge portion where the white LED light source is arranged. 

[01 56] The convex protrusions 22, which are the light extracting mechanism 21 of the light guide pipe 1 1 , are provided 
to the side where the light reflection sheet 1 8 is provided, and with the effect that the convex protrusions 22 having the 
above-mentioned shape are made to be the light extracting mechanism 21 , there can be obtained the light guide pipe 
from which 72% of the light flux radiated out from the light guide pipe 11 is radiated toward the light reflection sheet 

25 1 8 side and which is favorably used in the present invention. 

[0157] For the light reflection sheet 1 8, there was used the light reflection sheet 18 in which the base units 19 are 
composed of the reflection surfaces 19a formed as shown in Fig. 9 and having the concaved mirror shape. The max- 
imum diameter of the concave mirror portions is set at 70 ujti, and the silver sputtering layer is used on the reflection 
layer (surface), and the acrylic resin containing beads is coated onto the surface of the silver sputtering layer. The 

30 slope angle a of the sloped reflection surfaces 19a is made to be 24° , and thus, an optical system is obtained in which 
the light beams obtained by the light extracting mechanism 21 composed of the convex protrusions 22 are radiated 
out from the light guide pipe 11 toward the light reflection sheet 18 side is altered in direction by the light reflection 
sheet 1 8 and the light beams radiate out in the direction of the normal line with respect to the light guide pipe 11 . 
[01 58] For the light source, there was used the chip-type white LED having the outer form of 2.0 x 3.0 x 1 .6 mm and 

35 this was lit up at a direct voltage of 3.3 V, thereby obtaining the planar light source device using the white LED as the 
light source. When the brightness measuring device (manufactured by Topcom, BM-7) was used to measure an average 
brightness from 5 points in the surface, an average brightness of 430 nit was obtained, and thus, it was confirmed that 
both the brightness performance and the brightness unevenness exhibit sufficient optical characteristics for use as the 
light source for the backlight in a portable-type liquid crystal display panel. 

40 [01 59] Further, since the prism sheet which is normally used is not utilized, assembling property becomes extremely 
satisfactory. Additionally, since there are no extra sheets, the planar light source device which is thin and light-weight 
can be obtained. Further, due to the effect produced by the acrylic beads coated onto the surface of the light reflection 
sheet 1 8, the glare in the illumination light was improved. Thus, the planar light source device which is extremely simple 
in construction and can endure practical use even if the liquid crystal panel is installed directly on the light guide pipe 1 1 . 

45 

(Embodiment 7) 

[0160] The patterning is modified in the planar light source device described in Embodiment 5, and a patterning 
shape shown in Fig. 20 is used, in which the distribution density of identically formed convex protrusions 22 increases 
50 further away from the linear light source 1 3. The convex protrusions 22 having a depth of 50 ujti and openings having 
a square shape with the minimum opening width Wmin of 55 urn and the maximum opening width Wmax of 55 ujn are 
used. 

[0161] By using the above-mentioned patterning shape, the ability to selectively radiate the light toward the light 
reflection sheet 1 B side as shown in Fig. 32(c) is increased, and the light guide pipe can be obtained from which 88% 
55 of the light flux is radiated out from the light guide pipe 1 1 toward the light reflection sheet 1 8 side and which is extremely 
favorably used in the present invention. The average brightness of 21 50 nit was obtained from 25 points in the surface, 
and the practicality of the planar light source device was extremely high as in Embodiment 2. 
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A planar light source device according to claim 8 or 9, wherein a surface of said coat layer composed of a light- 
transmissive material which is provided on said light reflection surface is a flat and smooth surface. 

A planar light source device according to any of claims 8 to 10, wherein a printed pattern is provided on the flat 
and smooth surface of said coat layer. 
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